Abstract: This article presents a proposal of computer assisted treatment of morphological disorders of mandibular bone structure. Cephalometric analysis according to Schwarz was conducted with the application of CorelDRAW software, generally available software for editing of vector graphics and an alternative to expensive, specialized software dedicated for computer assisted pre-operational planning. An approach to cranio-and gnatometric measurements based on cephalometric planes, lines and points is presented. Thanks to the proposed approach to computer assisted planning of treatment, cephalometric analysis is more precise and faster in comparison to traditional analysis conducted manually on a radiograph.
introduction
Treatment of morphological disorders of mandibular structure is intended to improve appearance and function, achieve proper occlusion, correct proportions, facial length and mandibular rami, as well as good shape of the chin [1, 2] . The facial region is a particularly difficult one to treat, since many delicate anatomical structures are found here. Less extensive disorders can be treated orthopedically, however the majority of disorders require surgical treatment.
Before commencing treatment of disorders in the facial skeleton, the procedure must be planned thoroughly. The plan of a corrective procedure should include cephalometric analysis concerning the distribution of soft tissue and bone structures while preserving the principles of harmony and symmetry [8, 9, 11] .
The development of modern technologies, including computer assisted surgical procedures, is a very good alternative to classical planning. Thanks to computer assisted preoperative planning, it is possible to apply different imaging techniques, from classical 2D radiographs to 3D images [5, 12, 13] . This allows for more precise and faster preoperative planning of a specific patient's case in different regions of the skull. The market currently offers a wide range of software used in maxillofacial surgery, enabling cephalometric analysis and 3D modeling [3, 6, 9] . However, the cost of software is often the main factor limiting its application.
Computer assistance for surgical procedures [4, 7, 8] 
research materials and methods
Examples of radiographs, in digital form, taken before the procedure were used in this work. These images include reference points that facilitate determination of the line used to conduct all measurements required for analysis. In the case where radiographs from before and after surgical intervention are available, it is possible to compare results obtained before and after the procedure in order to determine the degree of improvement. However, it is then necessary to maintain the repeatability of obtained radiographs (they should be made using an identical technique with the same exposure parameters). Only then will it be possible to reliably assess changes resulting from undertaken treatment [3, 6, 10] .
This article presents the possibility of applying generally available CorelDRAW software for editing of vector graphical formats as a tool assisting planning of the mandibular correction procedure. Thanks to the proposed approach to computer assisted planning of treatment, cephalometric analysis is more precise and faster in comparison to traditional manual analysis. Specialized software for such analyses is more expensive by a factor exceeding ten.
research results and discussion
The method of analyzing a lateral head radiograph according to Schwarz is one of the most widespread techniques in the world. It covers both craniometric and gnatometric measurements. This method is additionally characterized by distance measurements and the fact that the left facial profile on the radiograph is analyzed. Mose reference points are used in other analyses [8, 9 12] .
The diagram below presents the prepared algorithm of procedure for conducting Schwarz analysis.
Using the Object manager is a good practice when working with CorelDRAW software. This tool makes it possible to perform and inspect work in so-called layers. These are hierarchically arranged planes where the content of the higher layer covers the content of the lower layer. Work on several planes makes it possible to display layers selectively, select layers for printing and provides greater transparency of work. The current status of objects and their distribution on specific layers is also visible.
In order to facilitate determination of craniometric planes, an additional layer: Craniometric points, marked in red, was created, and it will contain only the points required for constructing planes.
Points were constructed using the Ellipse tool. The following points were determined, in order: nasion N, sella turcica Se, orbitale Or, tragion T, subspinale (Downs's A point). Due to the difficulty of determining the orbital point Or, it was determined according to a marker introduced before the test, visible in the radiograph as a brighter point in the vicinity of the lower edge of the orbit. The tragion point T was determined approximately at the peak of the condyle.
In addition, it is also possible to add a caption (comment) to each of the determined points using a text tool, as presented in the illustration below. This activity was omitted for better readability of the image subject to analysis. To perform cephalometric analysis, it is necessary to determine reference points, which serve as reference points for length measurements and are then helpful in determining planes and angles in cranio-and gnatometric measurements. The following craniometric planes were introduced: anterior cranial base (NSe), Frankfort horizontal (H), spinapalate (SpP), nasion to Downs's A-point (NA), nasion perpendicular of Dreyfus (Pn). Next, gnatometric planes were introduced: occlusal (OcP), mandibular (MP), as well as lines: mandibular tangent to the contour of the lower mandible (MT1), tangent to the posterior mandibular ramus (MT2) (Fig. 1 
UK/MT2 = 92:57 (with correct ratio being 7:5);
excessive length of the mandibular corpus compared to the anterior cranial base and mandibular ramus can be concluded.
Gnatometric measurements require the introduction of additional lines, planes and angles. The layer of craniometric planes was supplemented with the planes: occlusal (OcP), mandibular (MP). As well as with the lines: mandibular tangent to the contour of the lower mandible (MT1), tangent to the posterior mandibular ramus (MT2), maxillary alveolar process to alveolar part of the mandible (A-B), point A on maxilla to pogonion (A-Pog) and long dental axes line. In order to present the possibilities of determining the degree of improvement achieved after corrective mandibular surgery, a compilation of results of analyses, conducted according to Schwarz's method before and after surgery, is presented below. The changes that occurred as a result of the surgical procedure can be seen in the figure above. Based on measured angle values, reduction of the angle of inclination (by 2.5°) and restoration of the correct angle value of temporomandibular joint arrangement (90°) can be considered. 
summary and conclusions
This article presents the possibilities of applying software for computer assistance of viscerocranial correction procedures with the utilization of standard, generally available software. The structure and topography of the facial skeleton is discussed in the theoretical part. Correct proportions preserving its harmony are also presented. Due to the structure and close vicinity of delicate structures, the facial skeleton is exposed to many deformations caused by different factors, such as post-traumatic, neoplastic and developmental changes. Techniques for imaging of deformations occurring in the area of the facial skeleton are also described. Methods of assessing viscerocranial structure are presented. Due to the high number of available methods of cephalometric analysis, the two most important methods have been described. The first of them -Schwarz analysis, is one of the most popular methods used today. 
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